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INTRODUCTION

The 1dea of R, R, Wilson to use two separate rf sysiems, with appro-

priate guide field rate of change for cach system, is looked into (briefly) for
a ferrite-tuncd systemn, During the first part of the guide field rise {region A),
we are carecful not to overload the ferrite and we achieve this result by asking
al first for only a nominal rf ring voltage, ILater onin the rise, we ask for
full ring rf voltage, which is then to'lerated by the ferriie {uner because the

ferrite is heavily biascd.
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PROPOSAL
Let 13 = constant during region "A",
wherein B = 74,4 kG sec™?
Let B = constant during region '""B",

7. 44 kG/sec

1

wherein B
Note: Region "A" is sclected as 0.1 sec for simplicity; it does appear best
to make it as short as possible so that region "B can be as long as

possible~-we are constraining Time "A" + Time "B" = 1,2 sec.

. 2
If B .. 450 gauss, B at the end of 0.1 sec goes to B;,; +1/2 Bt
inj J

= 450 + 372 = 822 gauss, so the proton energy goes roughly from 10 GeV 1o

~18.2 GeV; Y increascs from 11. 7 to about 20. 4. This increase in ¥ is a

20.4
11.9

but preserves the ferrite's characteristics (i.e., keeps the loss tolerable

~ 1.74 which allows a sufficient increase in cavity rf voltage

factor

and avoids hi-flux spin-wave instabilities in the ferrite).
During region B, the guide field climbs uniformly from 822 gauss to

9,000 gauss in 1.1 sec, or B = io%olliz—?‘-z?, 44 kKGsec ! = .744 T/sec.

..Ring Voltage During Acceleration

The energy gain/particle turn is

= 2gR sl
eVb 2R :zBe

From the point of view of the rf system as a voltage generator, it is convenient

" IT Q .
to call Vb the "bearn voltage” because the product of Vi, and I, = l‘%}-—g is
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directly equal 1o the beam power (i.e., the power absorbed by the beam

during acceleration), That is,

V.1, = d(ﬁfeﬁﬁrg‘{ons}
b™b at

The peak ring voltage (due to all the cavitieg is

If we take d"s = 50° (sin (;; -~ ,766), (Note: this is somewhat less than that

suggestied in the talk.)

_ 2FRB
Vo sinf;»
S
taking
P = T43 meters
R = 1000 meters
B - 0.744 tesia/sec,
v - 2x3.14x743510%%0. 744, .
o 766 = 4. 52 megavolts
V,, the "beam voltage''  3.46 megavolts

3 3
I, the beam current = L\_IEI_E -~ 229 milliamps
27R

During region "B, " the beam power is

- 13 an-18 .
b = AU = NeAV = 3x10--x1. 6x10 ‘{(200"18 _)\ —~ 793 KW,
o l.1lsec 1.1

Note: eV is the energy gain/particle during region "B."
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During region "A, ' the beam power rises linearly from zero to 793 kW,

Nurmber of Caviiles

If we allow 18 operating cavities + 3 spare cavities = 21 total, and

provide for an energy loss of 50 keV in cach spare cavity (the beam passes

through all cavities including idle cavities), we nced a total ring voltage from

the 18 cavities of

Vring =V, Induced Voltage in idle cavities = V + .15 MV.
. = 4,52+ 0,15 = 4.67 MV.
ring
V..
ring 4.67 x 10° _

— = T yg T = 260 kV peak/cavity.

18 cavities
" 4,52

If we run all 21 cavities together, we need only T8

cavity.

Power Tube Reguirements

x 108 = 251 kV peak/

Assuming the total beam power of 793 kW will be delivered by 18 wubes,

the beam power contribution/tube is

783 - 44 kW,
18

Using cavities (note, however, that they contain no ferrite--it is

placed in a tuner at the far end of a transmission line) like those of the LRL

Design Study, and allowing for transmission line and ferrite tuner losses, we

get the following additional rf power requirements:
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Cavity + transmission line losses from combined shunt impedance of

0.8 megohms/cavity:

2 2 10
Pk . Vieav. peak | 2.07210 o up pwycavity
in los 2 6 )
sKin oS8 2 lbshu_nt 1.6x10

The estimated ferrite loss at the worst peak (which will cccur some-

where in region A} == 22 kW per cavity tuner.

TABULATION
. Per Cavity if 186 on Total Sysiem
Beam power 44 kW 793 kW
Skin loss 42 kW 756 kW
Ferrite (worst peak) 22 kW 396 kW
Tube ocuiput 108 kW 1. 945 MW Total

REF Power Tube

The RCA (developrnental) tube A2872 would be a goed choice for this
application, especially because the A2872 has a low grid voltage swing require-
ment for driving, We need wide-band drivers o accomplish fast rf amplitude
and phase control. We should, therefore, consider input requirements to
the main power tube as well as cutput power capabilities in making a tube
'selection. In its price range(-$4, 000), the A2872 is ocutstanding for low-drive
requirements, (Sce attached data sheets for A2872 and A2873).

There are other suitable tubes, but one should anticipate paying from
$2-10K for such a power iube as is needed. A (grounded-grid) triode would be
cheaper than the ietrode, but the higher cost of suitabie (mgher power) drivers

would likely offset the power tube savings.
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- During filling time, when the ring is a proton storage ring accepting
pulse trains from the booster, “one would expect to drop the ring voltage

below 4.5 MV as in the Design Study. The ringb voltage might look as follows:

t
2.5 MV : N
: )
Ring — 0.3 sec 5 ' 1.1 sec
Voltage : | sec
' I
TIME ——

The precise form of the voltage rise in "A" bears lbokirig into if we
want to simplify the ferrite needs as much as possible consistent with an

acceptable program for 4;5 (t) .

Cavity Length and Straight Section Requirements

The Design Study cavities are 74-1/2" long and 25" in diameter. 1
would anticipate shortening these to 68" by slight lengthening of the internal
s . 21 x 68
sleeve. Twenty one (21) such cavities will occupy 12 = 120 feet.
The system could be cut into three ecual parts of 7 cavities each,
40 ft long. The three 40' sections could be placed in 3 of the 50' straights.
Of course, other cavity designs should be l_ooked at, such as Matt Allen's
-+ ~
design (SLAC e-e storage ring). There are two things to keep in mind: We

want a total system stored energy of 10 - 15 joules/MW and very tight coupling

to the transmission line and power tube,



-1- FN-7
0430
About the stored energy: _If there ié too little, the cavity phase and

amplitude regulafion suffers. If there is too much, the tuner is more
expensive--this is ﬁvasteful. About the coupling: the matched-impedance
coupling schemes which work nicely for constant loads like antennas of
transmitters (or electron synchrotrons in which the loads thdugh not constant
at least vary slowly over many m'icroseconds} are not satisfactory for modulated
beam loads. Therefore, we depend on strong coupling and high standing

wave ratio lines from tube to cavity.

Remarks About TMy;g Mode Standing Wave Structures

The pure TMy;g mode has a very poor transit time factor, would
require about 15 ft diameter cavities, and would occupy a prohibitive length
of tunnel if we reduce the stored energy (b& lowering E, ) to a value tolerable
for tuning.

Inserting drift tubes solves . the transit time factor but still the cavity
diameter is large and the stored energy for a 150 ft-long structure at 4.5 MV is much
greater than we need for beam loading transients. | The excess stored energy
requires correspondingly expensive tuners to bhandle the rf kVA.

A further modification could be to capacitively load the drif t-tube gaps.,
If loading is carried to thé point_fhat the drift tube surface carries most. of
the displacement current, the cavity diametier shrinks considerably. ]

It is, however, now essential to divide the structure into ;:ells and
drive each cell separately .if we wish to obtain the shortest 1engfh for a given
overall stored energy. For, if we do not subdivide the cavity into separateiy—
phased cells, the ounly possibilities are o orar phase shift.from'gap to gap,

Ao

requiring gaps to be 5"
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If we perform the subdivision into separate qells (although mechanically
the structure can be 'monolithic), the % restriction is lifted aﬁd the gaps can
be spaced much closer than %— . Clearly, we no longer have TM but TEM;
the ‘'end result of the aforementioned tnodifications is the proposed structure.
The purpose of this exercise is to show éome 61‘ the thoughts leading to the

electrically separate cavity design.

Arguments Against the Wide-Band Untuned Traveling-Wave Structu're

1. AExpensive in rf power cost because total input power to beam
power ratio is low.

2. Tends to constrain both booster and main ring rf to high frequencies
like 100-200 MHz. If one is willing to forget reason (1) above, then
the structure can be built for aﬁy frequency, hoWeirer low; the
efficiency getting less and less as the frequency is lowered.

3. The rf phase control problem for missing bunches (fluctuating
beam load) is severe, requiring wide-band modulators or wasteful
dummy loads for its solution.

Vacuum and Insulators

The caviti.es may as well be completely in vacuum, eliminating all
ceramic insulators from the cavity proper. A feed insulator is required where
each transmission line connects to its cavity, since the coax line itself should
probably not be evacuated but run at normal air pressure.

Vacuum pumps can be connected directly to the cavity outer walls at
intervals along the 120' of accclerating structure, pumping through a grating

of slits parallel to the cavity axis (direction of rf current).



DEVELOPMENTAL
TYPE NUMBER

T3

Useful to 50 Mc/s
High Gain

* PROPOSED TECHNICAL OBJECTIVE

RCA-Dev. No.A2873 will be a liquid-cooled, ceramic-metal, super-power,
beam power tube for operation at frequencies up to 50 Mc/s. Ratings are pro-

posed as anrf power amplifier inclass C telegraphy service, a plate-modulated .
Low Drive Voltage

of power amplifier in class C telephony service, an rf pulse power amplifier in
class B plate-pulsed service, and a hard tube modulator in pulse power service. Coaxial-Electrode s"".cmm

The A2873 will be useful in a wide variety of communications, particle- Ceramic-Metal Construction

accelerator, radar, or control applications.
The high power gain and low drive voltage characteristics of the A2873

Thoriated-Tungsten Filament

Liquid Coolad

will permit the use of solid-state driver circuits to afford the advantages of
: S . . . 00 Kil
increased system reliability and economical operation. The tube will also 500 Ki :tw ;::‘f/‘: Output
feature a multi-strand thoriated-tungsten filament for long-life expectancy. B
Th hanical struct £ the tub ists of trical 1200 Kilowatts Peck Pulse
e mechanical structure of the tu e consists of a symmetrical array of Output ot 50 Mc/s
unit electron-optical systems surrounding a centrally located plate. Integral
10 Megawatts Pulse Power
Output in Hard-Tube

water ducts to all electrode areas provide effective cooling of the tube struc{ .
) Modulater Service

ture. ’

PROPOSED GENERAL DATA

Electrical Circuit Protection:
Protection of all electrical circuits is required. For
details,see Section V [.B, page9, of Application Guide
for RCA Super Power Tubes, ICE-2794A.

Electricol:

Filament, Multistrand Thoriated Tungsten:

Voltage (Single-phase AC or DC) . . .. 3.9 v
Current at 3.9 volts . .......... 1700 A Mechonical:
; eed 200 . L. . . .
Starting Current . . .. Must never excizse-ﬁ’;noo:l:‘r‘l)te;reﬂsl; _Opgratxng Position . . ... Tube axis vertical, either ?nd up
Minimum heating time at normal Oyerall Length ........ EEEEERRERE 18 inches
operating voltage before plate Maximum Diameter .. ............. 14.5 inches
voltage is applied. . . ... ... ... 60 s Terminal Connections . .. ... . . See Dimensional Outline
Minimum time to reach -
operating voltage . .. ... e 30 s Weight (Approx.) . ........ R 80 Ibs
Mu-Factor, Grid No.2 to Grid No.1 . . .. .. 7 Thermal:
Direct Interelectrode Capacitances: -Ceramic-ln.sulator Temperature . . . . ... 150 max. oc
RN . 9
Grid No.l toplate ............. 2.0 pF. Metal-Surface Temperature . . . .. ... .. 100 max. °c
Grid No.l to grid No.2 and cathode .. 1200 pF Minimum Storage Temperature, without o
Plate to cathode and grid No.2 ... .. 150 pF cooling liquid in coolant ducts . —B85 min. C
©rid No.2tocathoede . . . ... .. ... .. 15 . pF Extecrnal Gas Pressureb ............ 60 max. psia

For-further informatton or application-assistance on this device, contact your RCA Field Representative or
write Super-Power Tube Marketing, RCA, Lancaster, Pa. '

INFIRMATICN FUSNISATD 8Y RCA 1S 3ELIEVED 0 3£ ACTURATE AND RELIABLE-MISEVER; NO RESPCNSIBILITY IS ASSUMED 3Y RCA FOR 175 USE: NOR FCR ANY INFRINGEVENTS OF PATENTS
GR QTHER RIGHTS OF THIZD PARTIES wniCH MAY RTTULT FRCM ITS USE. NG LICENSE 1S GRANTED BY IMPLICATION GR OTHERWSE UNCER ANY PATENT CR PATENT RIGHTS OF RCA.

- t THIS INFQRMATION APPLIES TO A
3 CONMTEWPLATED LABORATCRY TUBE
L T \ - LR g F o DESICN AND I3 SUBJECT TO CHANGE
ADI RPORATION OF AMERICA
RADIO CORPORATION Or AMERICA e arons aRe AonED a8
70 FUTURE mANUFACTURE UNLESS
OTHERWISE ARRANGED

Printed in U S.A.

3/30/64

-
O

a Reqirtered
Marcals) Reqivtradaly)
.

Trademariis}



PROPOSED GENERAL DATA Cont'd.

Air Cooling:

It is important that the temperature of any external part of
the tubce not exceed the value specified. In general,
farced-air cooliug of the ceramic insulutors and the adjacent
contact areas may be required if the tube is used in a
confined space without free circulation of air. L'ndu- such
conditions, provision should be made for blowing an ade-
quate quantity of air across the ceramic insulators and
adjacent terminal areas to limit their maximum temperature
to the value speeified.  Interlocking of the air flow with
all power supplies isrecommended to prevent tube damage
in case of failure of adequale air flow.

Liquid Cooling:

Liquid cooling of the filament, cathode, grid No.1, grid
No.2, and plate is required. When the environmental
temperature permits, the coolant may be water; the use
of distilled water or filtered deionized watcr is essential.
The liquid flow must start before application of any volt-
ages and profcrabl) should continue for several seconds
after removal jof alt voltages. Interlocking of the liquid
flow through each of the cooled elaments with all power
supplies is recommended to prevent tube damage in case
of failure of adequate liquid flow.

Water Temperature from any outlet . . .

Flow:
Liquid Pressure at any inlet . . . ... ... 100 inax. psi
Water Flow: ) .
Max. Pressurc
Typical Differential
Flow for Ty ptcal
Flow®
. gpm psi
Tofilament . . ... ........... 1.5 23
To Cathode Coolant A%sembly 1.5 23
TogridNo.l ........... . ... 1.5 23
TogridNo.2 . ... ... v 1.5 23
To plate
For plate dissipations
upto SO kW (Av) ... ... .. 20° 7
For plate dissipations
of 50 kW to 150 kW (Av.) 40 25
For plate dissipations
of 150 kW to 250 kW (Av.). .. 65 60
Resistivity of Water at 25°C. . ... .. . 1 min. megohm-cm
70 max. %

FOOTMOTES
for Proposed General Data ond Proposed Ratings

“The tube coolant ducts must be free of water before storage
or shipment of the tube to prevent damage from freezing.

"This pressure is related to the output-cavity pressurization
as required to prevent corona or external arc-over.

“Measured directly across cooled element for the indicated
typical flow.

dSee Section V.C of 1CE-300.
®Refer to 1CE-279A for definitions.

f'I‘he magnitude of any spike on the plate voltage pulse should
not exceed the peak value of the plate voltage pulse by more
than 4000 volts, and the duration of any spike when measured
at the peak-value level should not exceed 10% of the maximum
“ON’' time. The output circuit may require prassurization to
prevent corona or externsl arc-over at the ceramic insulator.

>The magnitude of any spike on the grid-No.2

voltage pulse
should not exceed the peak value of the grid-No.2 voltage
pulse by more than 250 volts, and the duration of any spike
when measured at the peak—value level should not exceed
10% of the maximum *“ON"* time.

|"A negative dc voltage of 300 volts maximum may be applied

to grid No.2 to prevent any tube conduction between pulses.

'The grid- -No.1 voltage may be a combination of fixed and

self bias obtained from a series grid resistor.

kThe magnitude of any plate voltage spike shall not exceed

60 kilovolts (referenced to the cathode), and the duration
of any spike when measured at the dc level shall not exceed
5 microseconds. Pressurization may be required to prevent
external tube circuit arcing.

PROPOSED RATINGS

RE POWER AMPLIFIERY .

RF POWER AMPLIFIERY

Maximum CCS5 Rotings, Absolute-Maximum

Class C Telegraphy
and
Class C FM Telephony

Values: Typical CCS Operation:

Up to 50 Mc/s

DC PLATE VOLTAGE . ........... 25 max. kv DC Plate Voltage

DC GRID-No.2 VOLTAGE ......... 1500 max. v DC Grid-No.2 Voltage

DC GEID-No.l VOLTAGE ... ..... —400 max. v DC Grid-No.1 Voltuge

DC PLATE CU RRE\T ........ .-+ .. 30 max A Peak RF Grid-No.! Voltage
PLATE DISSIPATION® .. oo oo ... 250 max. kW  DC Plate Current |
GRID-No.2 DISSIPATION* . ... ... .. 5.0 max kW DC Grid-No.2 Current
C-EE.I_D--.\O.I. DISSIPATION* . . —. ... 300 max W DC Grid-No.1 Current

* Determined by calimetric measurements.

Driver Power (Approx.)
Circuit Efficiency (Approx.)

Useful Power Qutput { \pprox.)

AL 30 Mc/s

20 kV
1200 v
-225 v
250 \'4
38 A
3.8 A
1.2 A
260 w
95 ¥
S00 kW



PROMOSED RATINGS Cont'd,

PLATE-MODULATED RF POVER AKMPLIFIER

- Class C Telephony

Curricr conditions per tube for use with a max,
modilation factor of 1.0 wilcss othorweise indicated.,

Maxitum CCS Rativgs, Absolnte-Mavirmmm Voluos:
g

Typical Operation:

A2373

At 30 Me/s

Up to 50 Mers NC Plate Voltage . . ... 0. ... ... 17.5 kY
DC Grid-No.2 Voltage . ... ... ... . ... 1000 \Y%
NDC Grid-No.d Veltage ... ... ... .. ... .. —225 v
DC PLATE VOLTAGE o .. 20 max, kV Peak REF Crid-No.l Voltage .. ... ....... . 250 \%
DO GRID-No. 2 VOLTAGE . ., . 1200 max. 1% L Plate Current ., o L L0 26 A
DC GRID-Nol VOLTAGE .. ... ... —400 nax. v DC Grid No.2 Current . .. . ... ... ... ... 2.6 A
DC PLATE CURRENT ... ... ... .. 30 max. A DC Grid-No.l Cument .. .. ... ... ...... 1.2 A
PLATE DISSIPATIONS ... ... .. 165 max. kw Driver Power Qulput (Approx.y .. ... . ... .. 260 W
CRID-No.2 DISSIPATION .. ... ... 2.5 max. kW Output-Circuit Efficiency (Approx.) ... ... ... 95 LA
GRUD-No.1 DISSIPATION® ..., . . 500 max. w Useful Power Qubpul (Approxy .. .. ... . ... 300 kW
- ical Plate-Pulsed O ion:
PULSED RF AMPLIFIERY Typicol Plate-Pulsed Operation
fr: Class 13 service at 30 Mc/s with
For frequcraies vp to 50 Mcess end q maxinum “*ON' a rectengular waveshape pulse.
time® of 2300 ps in any 49,000-micresecond interoal. Pulse width® 2000 us
Dutv facmre: 0.06
Maximoe i Abs Maxin ; s: Peak Positive-Py!se
aximum Ratings, Ahsolute-Maximum Value Plate Voltage' . v o oo 35 KV
Peak Positive-Pulse .
PRAK POSITIVE-PULSE Gr1d~No.? Voltaged . . ... . ... ... ... 1800 v
PLATE VOLTAGEf . .. ... ... ... 40 max kV Peald Nepa 1‘.'(:’I’ulsei
ARG , X
PEAK POSITIVE-PULSE Grid-Na.l Veoltagel .. . . IR 260 v
GRID-No.2 VOLTAGESh . . . . . 2000 max. v Peak Plale Current . . . . . ... ... .. .. ... .. 50 A
DC OR PEAK NEGATIVE- Peak Grid-No.2 Current . . . . . ... ... ..... 5.0 A
PULSE GRID-No.1 VOLTAGE . . . .. 400 max. v Peak Reclified
PEAK PLATE CURRENT .. .. ...... 60 max. A Grid-No 1l Current . . . . ... ... .. ....... 2 A
PEAK GRID-No.2 CURKENT . ... .. .. 10 max A DCPlate Current © ., .0 o 0o 3 A
PrAK Hi,l",)TH"HﬂD GRID-No.l IC Grid-No.2 Current . .. . ... ... .. ..... 0.3 A
CURRENT. . . . .- .............. 4 A DC Crid-No.1 Cument - - o v ov s oo 0.12 A
DC PLATE CURRENT .. .. ..., .. ... 3.6 max A Pank Driver Power
DC GRID-No.2 CURBENT ... ... .. . . 0.6 max A Quitput {AppRrox.) . ... e 640 watts
DC GRID-No.l CURRSNT L ... .. 0.24 max A Output Circuit
PLATE DISSIPATION Bfficlency ... % %
(AVERAGE . oo o o, 50 max kW Useful Peak Power Qutput . . . . . . ... ... .. 1200 kW
HARD-TUBE PULSE MODULATOR SERVICEd
- N
For a maximun “7ON*? time of 2500 microseeomds Typical Operotion:
in any 44 30-microsecand interval., With rectanguler waveshape pulses, duty factor
. - . .. , . of 0.04 and pulse duration of 1600 microseconds.
Moximum Rctings, Absalute-Maximun Values:
DC PLATE VOLTAGEK . .. ... .. 55 max. Wy DOPiate Voltage .o 50 &V
nc oR DK FUS’\T[\EP ULSE Peak Grid-N 0.2 VO!L’]ge ................ 1800 v
GRID-No.2 VOLTAGE ., .. .. 2000 max. A% DC Grid-No.@ Voltage .. ... oo v oL, =350 A4
DC GRID-No.i VOLTALGE . =300 max. \ Peak Positive Grid-No.l
PEAK POSITIVE PULSY Voltage .. . .. . ... ... 50 \'%
GRID-No. Il VOLTAGE . ... 100 max. A% Peak Plate Current . . o o0 . o . o oo 0o oo 220 A
PEAK PLATE CURRENT. . .. ... 230 nax. A DC Plate Current . .o o o .. oL L L. 8.8 A
DCPLATE CURRENT. . ... . .14 max, A Peak Grid-No.2 Currene . . . . 0 ... .. ... 12 A
PEAK ORID-No.2 CURNENT. ... . .20 max. A Peak Grid-No.l Currene . .. .. .. ... ... ... . 12 A
PEAK GRID-Nooy CURBENT. .. ... 18 max. A Load Resistance o000 00 oL 0L L L. 207 ohms
FLATE DISSIP A TION, Usorul DO Power Outpu at
CAVERAGE)s L 50 max, kW toear o Pulse .o o0 0L 10 W
*Determined by calimoteic measurements.,
-3 -
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